Norm loved to travel. His trips abroad included his NSF Fellowship at the Pasteur Institute, a sabbatical year with Peter MacCallum at the Cancer Research Institute in Melbourne, and numerous trips to the Stem Cell Group of the Radiobiological Institute in Rijswick, The Netherlands, as an invited scientist in residence.
Norm's research career can be divided into two major periods. His primary efforts were initially devoted to the study of hematopoiesis in the bone marrow. He was best known for his investigations of the role of the microenvironment on stem cell proliferation. A 1974 paper, the first of a series on BDissecting the hematopoietic microenvironment,^is still referenced in the 2014 edition of Wintrobe's famous textbook on Clinical Hematology. A nice summarization of his pioneering contributions to this field can be found in his single-authored 1999 review (Wolf 1999) . How wonderful that he lived long enough to witness the relatively recent explosion of basic aging research in this field, notably the fascinating studies on heterochronic parabiosis conducted in the lab of Tom Rando and his colleagues (Conboy et al. 2005) . His interest in hematopoiesis and its reconstitution in response to ionizing irradiation began during his year at the Pasteur Institute and resulted in a paper written in French (Wolf and Duplan 1961) . His focus upon changes in the microenvironments of stem cells in old animals date back to at least 1968 (Wolf and Trentin 1968) and was coupled with a growing interest in the biology of aging, e.g., (Pietrzyk et al. 1989) . One wonders what Norm would have thought of the current translational research attempting to Bfix^stem cell microenvironments via infusions of Byoung plasma^ (Kaiser 2016 )! Norm's last publication in this field was carried out with colleagues here at the University of Washington (Papayannopoulou et al. 1995) . This highly cited PNAS paper was an early contribution to the molecular dissection of the early stages of the homing of transplanted hematopoietic stem cells. It demonstrated the importance of cytoadhesion molecules for the recognition of transplanted hematopoietic cells by the sinusoidal endothelium of the bone marrow.
The second major focus of Norm's career began shortly after his recruitment to the University of Washington. The group of geroscientists in our Dept. of Pathology was beginning to expand, thanks particularly to the efforts of Peter S. Rabinovitch, who continued the development of my former Program Project grant and who was the PI of the nation's first round of Nathan Shock Centers for Excellence in the Basic Biology of Aging. We were delighted that Norm had chosen to develop a group of investigators with a focus on the pathogenesis of ocular cataracts, an essentially ubiquitous geriatric phenotype that Norm found to be easily studied in rodent models of aging. A particularly active early member of his team was William R. Pendergrass, a biochemist and geroscientist interested in replicative senescence. Before Norm's switch to the study of cataracts, they had worked together to show age-related declines in the replicative potentials of two cell types of the bone marrow microenvironments in mice (Jiang et al. 1992) ; declines in the replicative potentials of cells within six different tissues of mice overexpressing growth hormone (Pendergrass et al. 1993) ; and the conservation of replicative capacity with caloric restriction both in vitro and in vivo .
Some highlights of the research on age-related cataracts include the demonstration, both in vitro and in vivo, that there is a significant decline in the replicative potential of lens epithelial cells with murine aging and that this decline can be delayed by caloric restriction (Li et al. 1997) . Caloric restriction also protected lens epithelial cells from oxidative damage induced by H 2 O 2 (Li et al. 1998) . A very careful study of the controversial effects of fluorescent light exposure upon age-related murine cataracts failed to reveal any significant impacts, including experiments in which the animals were kept without any lighting for most of their lives . Norm and his colleagues demonstrated, in Brown-Norway rats, that telomere attrition was associated with aging and that this decline could be ameliorated by caloric restriction (Pendergrass et al. 2001) . In another study, old rat lenses were shown to have lost more than 50% of their lens epithelial cells, organelle debris of which were found in the cortex in association of high levels of reactive oxygen species (Pendergrass et al. 2006) . In a study that cries out for a follow-up with recent advances in genomics, a group of nonagenarians with good cognitive function was shown to exhibit a reduction in age-specific rate and lifetime cumulative incidence of age-related cataracts (Zubenko et al. 2007 ).
Norm's reputation as an expert on the evaluation of age-related cataracts in experimental animals, particularly in mice, quickly spread among geroscience colleagues around the country who realized the importance of his cataract research as a marker of healthspan. He was therefore recruited to systematically evaluate rates of development of cataracts in living mouse colonies around the country. Examples included the evaluation of the effects of Resveratrol (Pearson et al. 2008) and Metformin (Martin-Montalvo et al. 2013 ). Both of those publications continue to be highly cited.
Apart from his work on mice, Norm was also interested in comparative geroscience and was an Bearly adopter^of the dog as a model for aging. Among other studies, he demonstrated that the replicative potential of young adult fibroblasts taken from dogs of different sizes is inversely correlated with body size (Li et al. 1996) and that the histopathology of age-related cataracts are significantly different in mice as compared to other species (Pendergrass et al. 2011 ). Norm's last trainee, Silvan Urfer, a DVM, was recruited for his research program on breed-specific variations in the rates of development of cataracts in dogs and their associations with body size and lifespan . Norm would have been delighted to have known that Silvan is now part of a very exciting translational project on the effects of rapamycin upon multiple health parameters in dogs, a project conceived by my close UW colleagues, Matt Kaeberlein, and Daniel Promislow (https://www.technologyreview. com/s/542591/scientists-hope-to-lengthen-dogyears/).
Norm's personal review of his research interests in aging were expressed in one of a series of publications of interviews with distinguished geroscientists (Wolf 2003) .
His many associates and trainees especially remember Norm's passion for teaching. Greg Priestley, his long-serving lab manager, also fondly recalls his wry sense of humor and his passion for social justice, including his interest in universal health care, a passion that Norm and I shared. But when I now think of my friend Norman Wolf, I reach for something he was especially proud of, a copy of a book he edited that he gave me as a gift. The title is BThe Comparative Biology of Aging,^published in 2010 by Springer and available via Amazon.com (https://www.amazon.com/Comparative-BiologyAging-Norman Wolf/dp/940079083X/ref=sr_1_1?s= b o o k s & i e = U T F 8 & q i d = 1 4 8 8 4 1 7 9 9 6 & s r = 1 -1&keywords=the+comparative+biology+of+aging).
